Objective: Worldwide, osteoporosis in postmenopausal women is a common public health problem. The measurement of bone mineral density (BMD) of spine and hip using central dual energy X-ray absorptiometry (DXA) is the most standard technique to diagnose osteoporosis. But in many circumstances, measurement of spine or hip BMD is quite difficult to carry out where wrist BMD can be used as an alternative. Moreover, wrist BMD can be done with smaller, cheaper, portable peripheral devices for screening osteoporosis at primary health care level. The objective of the study was to explore the agreement of wrist BMD with spine and hip BMD in postmenopausal women. Patients and Methods: This observational, cross sectional study was A total of 110 postmenopausal women referred to NINMAS for BMD measurement were enrolled in this study after fulfilling selection criteria. BMD of spine, right and left hip and wrist of enrolled subjects were measured by dual energy X-ray absorptiometry (DXA) scan by Stratos DR Bone densitometer. Results: Agreement analysis done by kappa statistics revealed kappa value of 0.930 (p<0.05), 0.782 (p<0.05) and 0.635 (p<0.05) between wrist and spine BMD, wrist and right hip BMD and wrist and left hip BMD, respectively. In Bland-Altman analysis, the mean difference of T-score measured by wrist and spine was -0.007 ± 1.361, wrist and right hip was -0.645 ± 1.271 and wrist and left hip was -0.450 ± 1.259 with 95% of differences were found in between -2.674 and 2.660, -3. 136 and 1.846 and -2.917 and 2. BMD (r=0.664; p=0.001), wrist BMD and right hip BMD (r=0.719;   p=0.001) and wrist BMD and left hip BMD (r=0.727; p=0.001) .
INTRODUCTION
Osteoporosis in postmenopausal women is a common public health problem worldwide and its incidence increases with age. Postmenopausal women have greater bone loss because of the hormonal changes associated with menopause (1) . The spine, hip and wrist are the skeletal sites where the osteoporotic fractures commonly occur (2) .
Fracture at the wrist is considered as an early warning sign for the presence of postmenopausal osteoporosis (3) .
Bone densitometry is the single best approach to predict osteoporotic fracture risk (1) . Among many techniques of bone densitometry, dual energy X-ray absorptiometry (DXA) is the gold standard technique (4) is reported as a comparison to two norms: the expected BMD from a sex and age-matched healthy population (Z-score); or the expected BMD from a sex-matched young adult healthy population (T-score). The difference between the patient's score and the norm is expressed in standard deviations (SDs) (4) . T-score is applicable for postmenopausal women and adult men aged 50 years or more. The World Health Organization (WHO) has defined normal bone mass as a T-score ≥ -1, low bone mass (osteopenia) as a T-score between -1 and -2.5, osteoporosis as a T-score ≤ -2.5 and established osteoporosis as a T-score ≤ -2.5 in the presence of one or more fragility fractures (5) .
Both central and peripheral skeletal sites can be measured to assess BMD with DXA equipments which are of two types, central and peripheral device. Central DXA device is an expensive, large unit which measures bone density commonly in the spine and hip are usually available at tertiary hospitals. Peripheral DXA devices are small, portable, low cost devices and measure bone density in the wrist, heel or finger and are suitable for primary health care level (6) .
Studies found that estimating wrist BMD not only correlates with other skeletal sites but also gives better detection of bone loss (7) (8) (9) . Furthermore, in many conditions such as spinal deformity, previous spinal surgery, hip prosthesis or even overweight (weight more than 300 pounds) hip or spine DXA is quite difficult to carry out. In some conditions, the accuracy of the result is dubious due to other underlying disorders such as vertebral compression fractures or osteoarthritis (6, (9) (10) . In addition, osteophyte and aortic calcification cause T-score discordance between spine and hip and give false negative BMD result (1, 7) . As an alternative, hand DXA (wrist) provides the patient with several advantages, as it offers comfortable sitting position placing their hand on table and the scan is less affected by the amount of soft tissue (9) and also the above mentioned drawbacks of hip and spine DXA can be overcome with hand DXA. Another advantage of wrist BMD is that it can be done with portable peripheral DXA machine which can be set at primary health care level. So, the aim of this study was to explore the agreement of wrist BMD with spine and hip BMD in postmenopausal women. Table I . It was found that osteoporosis was more common in wrist and spine while osteopenia was more prevalent in both hips. (Table 4 ). Agreement was also assessed by Bland-Altman analysis. In Bland-Altman analysis, the mean difference of Tscore measured by wrist and spine was -0.007 ± 1.361 with 95% of differences were found in between-2.674 and 2.660. The mean difference of T-score measured by wrist and right hip was -0.645 ± 1.271 with 95% of differences were found in between -3.136 and 1.846. The mean difference of T-score measured by wrist and left hip was -0.450 ± 1.259 with 95% of differences were found in between -2.917 and 2.017 (Figure 1,2,3 ). The most important and widely practiced sites to measure BMD are spine and femur (hip), because they are the most common sites where osteoporotic fractures take place and cause the maximum impairment of quality of life, morbidity and mortality (5) . The spine is more sensitive to the changes associated with treatment therapy (13) ; this is the reason why spine BMD is a popular method of choice among clinicians to get the optimum BMD measurement.
PATIENTS AND METHODS
Moreover, Sheu et al. (13) mentioned in their study that hip BMD is also highly acceptable because it is the most predictive site of hip fracture which is clinically the most important fracture. Though spine and hip are most popular sites of BMD measurement, in many circumstances, measuring bone density of the spine and hip region is difficult and sometimes not possible. Therefore, there is a requirement of examining BMD in peripheral skeleton to detect the bone loss and predict the fracture risk.
Considering peripheral skeleton such as, measurement of forearm (distal) bone mineral density (BMD) remains valuable to detect fracture risk. In this present study, osteoporosis and osteopenia were found in 48.2% and 37.3% subjects in spine, 29.1% and 51.8% subjects in right hip, 34.6% and 52.7% subjects in left hip, 54.5% and 29.1% subjects in wrist indicating that osteoporosis was more common in wrist and spine but osteopenia was more prevalent in hip. Similar type of findings was found in another study by Eftekhar-Sadat et al. (8) . They found osteoporosis and osteopenia in 49.5% and 36.4% study subjects in lumbar spine, in 24.2% and 38.4% study subjects in hip and in 59.6% and 40.4% in the wrist BMD measurements. As a result, the investigators found osteoporosis more common in wrist and spine compared to hip whereas osteopenia was more common in hip, which support the present study (8) .
In this present study, agreement analysis done by kappa statistics revealed excellent agreement between wrist BMD and spine BMD and good agreement between wrist BMD and right and left hip BMD. In this current study, in Bland-Altman analysis, mean difference of T-score between wrist and spine, wrist and right hip and wrist and left hip were small. The biases between the methods were considered not significant. The differences within mean ± 1.96SD are not clinically important; these methods may be used interchangeably. Kappa agreement analysis and Bland-Altman plot used in is study could not be found in related studies. So, no comparison could be made.
In this current series, Pearson's correlation coefficient test showed a positive significant correlation between wrist and spine BMD (r=0.664; p=0.001 This study revealed an excellent agreement of wrist with spine BMD and good agreement with left and right hip BMD as well as wrist BMD has positive significant correlation with spine BMD, right and left hip BMD. In Bland-Altman analysis, mean difference of T-score between wrist and spine, right and left hip were small. The biases between the methods were considered not significant. Therefore, wrist BMD similarly as spine and hip BMD can play a precise role in diagnosing osteoporosis in postmenopausal women.
CONCLUSION
In recent years, the average life expectancy of people is increasing making them more vulnerable of developing osteoporosis which only becomes evident when a fracture occurs. Therefore, early identification of osteoporosis is of prime concern. Study result revealed that osteoporosis was more common in wrist and spine however, osteopenia was more frequent in hip. In this study, wrist BMD showed agreement with spine and hip BMD by both kappa statistics and Bland-Altman analysis. As agreement is found between wrist BMD and spine and hip BMD, wrist can be used with regular skeletal sites (spine and hip) as an effective method of diagnosing osteopenia and osteoporosis where spine BMD or hip BMD is difficult to carry out. Simultaneously, osteoporosis and osteoporotic fractures can be prevented by early detection and treatment through large scale screening of postmenopausal women by wrist BMD measurement with peripheral portable DXA device at primary health care level.
